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Abstract 
The input-output efficiency of innovation is important for the technological innovation outcome. By panel data 
econometric analysis and Malmquist index analysis, we find the regional innovation pattern is not efficiency -oriented. 
Great difference among areas may result in the innovation trajectory which includes R&D, technological opportunity, 
and the innovation has the auto-enhancement effect. We also make some suggestions on how to increase the 
innovation efficiency. 
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1. Introduction 
Technology innovation is the most important engine of economic growth, and R&D is the source of 
innovation, which is almost a axiom. To improve economic growth, the R&D input increased every year 
in d istricts of China. Compared  with the input, the innovation output is not so obvious. Further more, the 
gap of innovation output among districts in  China has become more large. For example, the CR5 of 
patentθwhich is 47% in 1998, reached 63% in  2007. While the amount of the most innovative district is 
128 times as large as the worst one in 1998, it get to 264 times in 2007. How to exp lain  the “matthew 
effect” in technology innovationθand whether exist cumulative cycle, called “trajectory” by Nelson and 
Winter(1982), in the innovative process, are very pregnant. Lin, Y. and Jin, X. R. (2008) concluded that 
R&D, technology opportunity and absorbing capacity, as well as the cumulative enforcing forces are the 
important factors influncing the innovation performance. But the innovation efficiency of each district 
was not clear.  
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So far there are about three main approaches in measuring innovation efficiency: The first method is 
to construct a set of indicators, such as Wei, H. K. (2004). It is obvious that this method is not suit for 
quantitive analysis. the second way is parametic test, for example, C-D production function, in which 
total factor productivity can substitute for innovation efficiency. This measurement has a somewhat 
exaggerate tendency, for the total factor productivity is normally larger than technology innovation. On 
the other hand, the form of production function sometimes limits the true relationship of parameters. The 
third way is non-paramet ic test, for example, DEA and Malmquist index analysis, which has been the 
most popular method in the recent years because it can dynamically reflex the year-to-year technology 
progress. 
On the basis of our former study, this paper represents an attempt to combine the parameter and non-
parameter analysis by connecting the panel data with Malmquist index. The aim is to test the dynamical 
innovation efficiency of different provinces and municipalit ies and find out what cause these change. 
Ev idence shows great difference of innovation efficiency among 30 provinces and municipalities in China. 
The efficiency grows mainly depend on the technology frontier. We put forward the “efficiency paradox”, 
that is high input, high output but not high efficiency. The innovation pattern should be turned around. 
The paper is organised into four further sections. In the first section the theoretical framework of the 
analysis is outlined. The second part introduces the empirical model . In the third section the empirical 
results are discussed. The final section concludes with some economic policy implications.   
2. The model 
We outline the model as follows: first, choose the appropriate variable by panel data econometric 
analysis, then calculate the innovation efficiency of districts by Malmquist index, and seek the main 
influencing factor.  
Indicator selection has great impact on the results of empirical study. Following existed approaches, 
we apply patent as the output index. Griliches(1990) evaluates patent statistics as economic indicators, he 
emphasized  that a patent represents “a minimal quantum of invention that has passed both the scrutiny of 
the patent office as to its novelty and the test of the investment of effort and resources by the inventor” . 
Many literatures regard patent as the most useful innovation output, such as Jaffe (1986), Acs,et al.(2002), 
Fischer and Varga( 2003). Referring their approaches, we consider “PAT” representing patent application 
as the dependent variable.  
As for explanatory variables , following many literatures, we choose six indicators .the first is R&D. In 
order to acquire the different function of research institutions, colleges and interprises in the regional 
innovation system, we devide R&D into three parts, ”I” represents the research and development 
expenditures of research institutions, “E” represents the research and development expenditures  of large 
and medium-size enterprises, “U” represents the research and development expenditures  of colleges. The 
second input indicator we choose is “FDI”, According to the study of Cohen and Levinthal (1989), R&D 
has two faces, one is to generate innovation, the other is to develop the capacity of absorbing and learning 
the knowledge from the others. We use the “FDIRD” as the indicator testing the two-face of R&D. The 
last indicator we choose is “FIN” , which  represents the technology opportunity that can be obtained from 
local government, this indicator can be substituted by “the three expenditures of science and technology”. 
We select the data from 1998 to 2007, involving 31 provinces, autonomous regions and municipalities , 
all the data come from the “China statistical yearbook of science and technology”, “ China statistical 
yearbook” and literatures disclosed by MOST (Ministry of Science and Technology˅ˈCommerce 
Department and SIPO (State Intellectual Property Office) of China. Owing to the data deficiencies in 
Tibet, we have to reject it. In fact, the data we choose refers to 30 areas in China.. 
Considering the t ime-lag of input and output, we propose the one-year lag  which is lined with Liu, S. 
Z. and Guan, J. C. (2002), in other words, the output data is from 1998 to 2007 and the input data is from 
1997 to 2006. Usually  the input data should be dealt with GDP deflator index owing to the price 
fluctuation, we compute all the input data with constant price of 2000. 
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Then, we specify the model as follows:  
PATt+1=α+β1It+β2Et+β3Ut+β4FIN+β5FDIt+β6FDIRDt+εt 
3. Results of the analysis 
3.1 panel data econometric analysis 
It is important in the panel data econometric analysis whether the model suits for fixed effects test or 
random effects test. Hausman test is the common used method. By Eviews5 ,The outcome of Hausman 
test is the fixed effects model. The result is in accordance with many other literatures. 
After running the computing process with fixed-effect model, we find the DW value is close to 1, it  is 
obvious that autocorrelation exists. Added a variable to the right of the equation, results are improved to a 
large extent , DW value close to 2, F-value significantly improved, and adjusted R-squared reaches 
0.9851. These results prove that the model has strong interpretation capability.  
PATt+1=1.05PATt-12.15It+52.79Et-128.26Ut+127.92FIN+0.47FDIt+0.1FDIRDt 
From the above model, we can have a view on the innovation process. First, Innovation have a self-
enhancement effect. The former output has a positive impact on the latter, the elasticity is about 1.the 
finding is comform to the result of Crepon, Duguet(1997), they have found the existing patent had a 
positive effect on the followed patent. Second, the patent elasticity of R&D from enterprises is 52.79, in 
other words, if firms  increase R&D invest 100 million, the patent will increase about 53. Th ird, the 
influence of FDI is not so significant, but the indirect effect is clear, that  is, through the learning effect, 
R&D can generate more innovation output. This paper testifies the “two faces of R&D”. 
Compared with the results of Lin, Y. and Jin, X. R. (2008), this paper shows several different points: a) 
the role of college turn to opposite. b) the government and FDI has not significant effect on regional 
innovation output. The differences imply that regional innovation system has not been established, partly 
because the cooperation efficiency † , though the enterprises play important role. The technology 
opportunity shall be enhanced, and the efficiency of colleges and research institutions shall be improved.
3.2 Malmquist index analysis 
With the help of computer program DEAP version 2.1, we compute the input-oriented Malmquist 
index of 30 prov inces, autonomous regions and municipalit ies , all the input and output indicators the 
same as the panel data econometric model above mentioned. (figure 1 gives the details.‡) 
From the whole-country point of view, the technology innovation efficiency  in recent 10 years 
increases a litt le. The average M-index (malmquist index, for short) is 1.038, in the other words, every 
year, the efficiency raise 3.8%. Now it is well known that the M-index consist of two index, TE (technical 
efficiency) and SE (scale efficiency). From the original meaning of the two indicators, we can say that TE 
refers to the technical frontier, and SE refers to the input-output efficiency given the variable returns of 
scale. Our analysis prove that the improvement of the innovation  efficiency is to a large extent caused by 
the advance in TE(1.047), which usually comes from the expand of the input, especially R&D and FDI. In 
fact ,the SE value,0.992, indicates decline p ropensity of scale efficiency. “Catching up effect” does not 
exist in our study, which is somewhat unexpectedly.  
 
Figure 1  Average M-index of 30 provinces  
 SE TE M-INDEX  SE TE M-INDEX 
 
†
 My former study has shown that the cooperation efficiency among industry, universities and research 
institutes is rather low. See Lin Yun ˈ the empirical study  on the efficiency of technology 
innovation[D]ˈZhejiang University,2008 
‡
 Because of limited space, the M-index year-to-year is not shown. 
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Liaoning  0.989 1.034 1.023 Henan 1.000 1.080 1.080 
Jilin 0.992 1.042 1.033 Nei monggol 0.961 0.985 0.946 
Hei 
longjiang 
0.986 1.050 1.035 Hubei  1.019 1.074 1.094 
Beijing 1.000 1.063 1.063 Hunan 0.986 1.047 1.033 
T ianjing 0.970 1.046 1.014 Jiangxi 0.953 1.045 0.996 
Hebei 0.996 1.038 1.034 Anhui 0.991 1.041 1.032 
Shandong 1.000 1.051 1.051 Chongqing  0.986 1.106 1.090 
Shanghai 1.000 1.173 1.173 Sichuan 1.000 1.120 1.120 
Jiangsu 1.012 1.048 1.060 Guangxi 0.976 1.023 0.999 
Zhejiang 1.000 1.059 1.059 Yunnan  0.983 1.027 1.010 
Fujian 0.997 1.040 1.038 Guizhou 1.000 1.053 1.053 
Guangdong  1.000 1.058 1.058 Gansu 1.009 1.094 1.104 
Hainan 0.957 0.915 0.876 Qinghai 0.960 1.021 0.980 
Shanxi 1.029 1.067 1.098 Ningxia 1.000 0.943 0.943 
shanxi 0.999 1.020 1.019 Xinkiang 1.000 1.081 1.081 
Average 0.992 1.047 1.038     
 
From the provinces-level view, we can see the large gap. The most high efficiency come from 
Shanghai, 17.3% every year averagely. The high efficiency benefit  from the progress of technical frontier 
on the one hand, the scale efficiency on the other hand. Guangdong, Zhejiang, Henan, Beijing, Guizhou, 
Shandong and Xinkiang is on the efficient scale too, though the technical frontier is not so tall as 
Shanghai. Although the innovation efficiency of most provinces is going up, there are still 6 provinces, 
Hainan, Ningxia, Nei monggol, Qinghai, Jiangxi and Guangxi, are descending 
From figure 1, we find obvious interesting result that the value of SE exceeds 1 in the cases of four 
provinces, Shanxi, Hubei, Jiangsu and Gansu. It is catching up effect that cause the innovation output 
increasing at accelerating speed. PAT data can account for this effect. Jiangsu moved up to third in 2007 
while it is rank fifth in 1998, after Guangdong, Shandong, Zhejiang and Beijing. Certainly, we have to 
indentify that the catching up effect acts only if the DMU is not at efficient frontier and the  h igh scale 
efficiency enable them move forward towards the frontier. At the same time, we can also find SE of 16 
provinces decreasing, such as Liaoning, Jiangxi and Qinghai,et al. The Malmquist index analysis implies 
that great difference among the districts in efficiency is the main cause of the different innovation output. 
4. Conclusion and suggestion 
This article focuses on the innovation efficiency of China in the level of p rovinces and draws some 
new conclusion after the panel data analysis, the first  is the whole country does not reach a satisfied 
innovation efficiency, and the improvement  mainly results in the advance of technology frontier deriving 
from the large increasement of innovation input, though a few of provinces make “catching-up” progress. 
On the view of factors that influence the innovation output, we find R&D is very important, considering 
the significant “two face” effect, especially R&D coming from enterprises. On the other hand, the self-
orgnization effect of innovation that the former innovation has positive impact on the latter, under the 
ground of the condition that learning and absorbing capacity cause the innovation efficiency. The result 
reinforces our former conclusion that innovation trajectory do exist. 
Given the regional innovation trajectory, we are going to give some advices on how to increase 
innovation efficiency: 
Firstly, improve the innovation dynamics through effective inspiration. As well known, the 
institutional innovation and technological innovation supplement each other. The more open and 
innovation-oriented, the more innovation output.  
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Secondly, perfect the cooperation among industry, universities and research institutes  so as to 
highlight the enterprises innovation subject position in the regional innovation syst em. The low efficient 
cooperation lead to the repetitive R&D input and low output. It is necessary to transform the cooperative 
mechanism to improve the R&D performance of universities and research institutes. 
Lastly, increase government inputs to improve the regional technology opportunity which can lower 
the threshold of innovation. It is extraord inary to build industrial technology platform, to strengthen 
informat ion communication among all the participants of regional innovation system, to grant the 
innovator in the leading pole and assist others apply the new technology, et al.  
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